functions. Similarly, due the non-normal distribution of the individual AOD data, Spearman's rank correlation 1 coefficient (r s ) is chosen to study the site-specific AOD correlation based on individual AERONET-satellite 2 coincidences.
3
The ability of each satellite-based sensor to capture the AOD seasonality in snow-free months is determined at Fort
4
McMurray using Pearson's correlation of monthly averaged AODs (using all overlapping years) with AERONET. A 5 minimum of 20 coincident data points per calendar month must be available for that month to be included in the 6 correlation.
7
In order to assess the ability of the satellite data to capture the spatial variability in this region, the hourly in-situ 8 surface-level PM 2.5 from the 10 NAPS (National Air Pollution Surveillance) stations (Table 2) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . The trend domain considered in this work spans from 56-58°N and 111-112°W. For sensors with 32 poorer spatial coverage (MISR, AATSR, POLDER/PARASOL), the spatial binning is expanded in latitudinal and 33 longitudinal increments of 0.1° until there are ≥20 observations in each calendar year within at least one grid cell in 34 the domain. The trend maps are ultimately generated at 0.3°×0.3° for AATSR (2003 ( -2011 ( ) and MISR (2000 ( -2015 standard deviations above the climatological average in the domain) are recursively filtered mainly to reduce the 1 influence of forest fires on trends. The same filtering is applied to the PM 2.5 datasets. Interannual consistency in the 2 month-to-month sampling is checked for any location with a positive satellite AOD trend significant at the 95% 3 confidence interval by calculating the average day-of-the-year for each calendar year. Such temporal sampling 4 anomalies occur for MISR AOD data at some locations if a 0.1°×0.1° grid were used, for example. The Albian mine (2001 -2008 ) and Shell Muskeg River (2009 -2015 forest-fire-filtered PM 2.5 datasets were merged for trend analysis 6 since the sensor was relocated from the former to the latter site in January 2009 and these sites are separated by <5 7 km.
31

5
9 3 Results
10
First, the general spatial distribution of AOD is illustrated for some of the aforementioned data sets. In Fig. 1 , the 11 climatological average POLDER AOD on a 0.1° × 0.1° grid is shown. This is the default grid used for
12
climatological maps of all satellite AOD datasets. The POLDER sample size per grid cell is 90 to 170 in the AOSR 13 over the discontinuous period from 1996 to 2013 (see Table 1 ). There is a clear hotspot in 865 nm AOD in the 14 AOSR region, roughly double the surrounding background values. Note that for POLDER and MISR, there are 15 expected voids in their spatial coverage (Fig. 1) due to the spatial sampling of these instruments, whereas MODIS 16 and AATSR footprints can be centered on any geolocation within the AOSR.
17
The AOD hotspot in the AOSR seen by POLDER is less obvious with MISR ( Fig. 1) . This is consistent with the 18 relatively poorer ability of MISR to capture spatial variability based on spatial correlations of median AOD and
19
PM 2.5 mass density over the ~10 available sites (Table 3) . While the spatial correlation analysis relies on temporally 20 coincident data, the less obvious AOD hotspot for MISR in Fig. 1 is also partly due to the spatiotemporal sampling 21 by this instrument. Some locations are only sampled during a short period of the year, and thus the seasonal cycle of
22
AOD is aliased into the MISR spatial distribution. Table 4 
25
The climatological AOD maps for the MODIS/Aqua collection 6 DT and DB products (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) are also shown 26 in Fig. 1 however there is a major issue with the confidence as shown in Fig. 2 . Near the Syncrude facility at
27
Mildred Lake (57.05°N, 111.6°W), the confidence approaches 0 in both MODIS products in the two adjacent 28 0.1°×0.1° cells (Fig. 2) . In the western cell, the inadequate confidence in MODIS Aqua collection 6 DT data is due 29 to failure of the AOD retrieval algorithm due to the 2.1 m reflectance exceeding the allowed upper limit of 0.35.
30
This is a fundamental limitation of the Dark Target retrieval strategy (see sect. 2). In the adjacent eastern cell, the 31 low confidence stems from the low number of 0.50.5 km 2 pixels (see Table 1 ) used in the AOD retrieval. The 
4
The lack of confidence is not unique to the AOSR. Low confidence is also observed in urban areas within the 5 province (e.g. Calgary, not shown). The low confidence in the MODIS DB product is due to the spatial 6 heterogeneity of the surface between vegetated and non-vegetated area, which leads to pixels falsely identified as region, yet drops to 0.02 in the surrounding region (Fig. 3 ). Note that cloudy 1  1 km 2 pixels are not used during the 
17
Neither POLDER nor MISR show a sampling void in the AOSR. Table 1 shows that these two sensor types have 18 coarser AOD spatial resolution by a factor of 3-4 than MODIS, ATSR-2, and AATSR. Note that some of the PM 2.5 19 sites are located in the periphery of the industrial and mining areas and thus spatial coincidences exist for MODIS
20
and AATSR in spite of the aforementioned issues, given the 10 km coincidence criterion.
21
In terms of the validation using AERONET data (Table 4) , MISR has a multiplicative bias (i.e. slope significantly 22 less than unity), which is similar at both sites in the AOSR. The slope is of a similar value to the slope found in 23 previous studies for inland (Liu et al., 2004) , dusty (Kahn et al., 2005) , and urban environments (Jiang et al., 2007) .
24
MODIS DB tends to yield more data than the DT product, but the correlation is lower with AERONET on (Table 5) . Correlation coefficients for forest-fire-filtered annual means tend to be only slightly 33 lower.
closest NAPS station to the southeast of the Shell Muskeg River region (see Table 2 and Fig. 4 for location 
22
In this section, the advantages and limitations of the various data products are summarized. As shown in Table 4 
24
AERONET, in spite of the low AODs there (e.g. Fig. 1 ). This temporal variability is largely driven by day-to-day 25 variability as forest fires lead to episodes with large AODs (>3) in summer months that strongly influence the 26 calculated correlation.
27
The two MODIS AOD data products (Deep Blue and Dark Target) have low confidence in the AOSR partly due to 28 issues relating to elevated surface reflectivity in the vicinity of the Mildred Lake Syncrude facility. However, the
29
MODIS dark target product is the best at capturing temporal variability in terms of the correlation with individual
30
AERONET AODs at Fort McMurray and in terms of capturing the month-to-month variability. Stronger short-term 31 correlation with AERONET AODs reflects the superior spatial resolution of the MODIS radiances ( periods of the various satellite AOD products. In the rightmost column, the contribution of large forest fires has been 3 removed from AERONET data and satellite datasets using +4 standard deviations () as a cutoff. 
6
MODIS DB only reports a fill value when confidence is 0 in contrast to MODIS DT, thus the bottom right plot 7 accounts for fill values, whereas the top right plot (for MODIS DT) does not. 
